Abstract. This paper used the Matlab software to simulation and analysis the transient process of transformer inrush current produced by transformer no-load switching. Based on analysis of mechanism of inrush current and core electromagnetism, a simple and effective method is put forward to measure of transformer core flux. Finally, the simplicity and effectiveness of the proposed method are verified by simulation results.
Introduction
Transformer is important electrical equipment in power system, which can connect different voltage levels of power grid and transform energy, so the transformer operating conditions affect the security and stability of power system operation. When the transformer is closed with no-load, the no-load current will be a transient process, which may occur considerable impulse current and the value can be several times the rated current because the primary winding inductance coil. The impulse current appeared during closing switch without load is called inrush current [1] . The inrush current often leads to differential protection misoperation of transformer, so as to find a solution of inrush of transformer protection measures through the research and analysis on the characteristics of inrush current. It is very important to improve the correct rate of transformer protection [2] .
Transformer inrush current is related to many factors such as the saturation of iron core, the size of core residual flux, switching phase angle and the size of transformer capacity [3] [4] . Therefore, it is more complicated to analyze on project. This paper used the Matlab software to simulation and analysis the transient process of transformer inrush current produced by transformer no-load switching. Based on analysis of mechanism of inrush current and core electromagnetism, a simple and effective method is put forward to measure of transformer core flux. In general, the voltage value in the low voltage side of transformer is taken as a variable, according to the relationship between the transformer voltages and electromagnetic, and the three-phase flux value of the transformer can be obtained by the proportional integral calculation of the voltage variable. When the circuit breaker is broken, the magnetic flux measured at that time is the residual flux of the transformer.
Characteristic of Transformer Magnetizing Inrush Current
Simulation model of three-phase transformer no-load switching inrush current was built by using the SimPowerSystems software package of Simulink in Matlab software, as shown in Figure 1 [5] .
In the simulation system, the phase difference of the electric potential between the three-phase sources is about 15 degrees. In addition, the settings are exactly the same. Simulation model of three-phase transformer no-load switching inrush current was built by using the SimPowerSystems software package of Simulink in Matlab software. In this model, the parameters of transformer are capacity 450MVA, voltage rating 500/230kV, and frequency 50Hz dual winding Yg/Yg connection. Here, the no-load switching of transformer is controlled by breaker control block. In the process of inrush current producted by the transformer closed switch without load, the current waveform appeared singularity near the the core's desaturation time. The Waveform was showing spire wave with intermittent and was partial to one side of the timeline, simultaneously, Contained a large number of high harmonics, as shown in Figure 2 . The transformer inrush current waveform of Figure 2 was analyzed by Fourier transform and the results were shown in Figure 3 .
The results of FFT analysis show that most of the transformer inrush current waveform contains a large number of non periodic components, and the two harmonic is the main component [6] . There is a large DC component in the results of simulation, but it is not certain that the inrush current is also true under some other conditions. The inrush current will induce the malfunction of transformer protection. Therefore, we must accurately identify the inrush current and prevent the misoperation of transformer differential protection. 
Principle of Residual Flux Measurement
Let e(t) is induction electromotive force of transformer in the secondary winding, and ψis flux linkage of transformer, the relationship between e(t) and ψ can be expressed as follows:
(1) LetΦ is flux and N is defined as number of turns of secondary winding, the relationship between ψ andΦ can be expressed as follows:
ψ=NΦ.
(2) So, the magnetic flux can be obtained by integrating the voltage of the secondary of the transformer.
Simulation and Analysis
In the following simulation, the function of control module includes random switching and phase selection closing. The real time flux measurement of transformer is realized by the flux module, as shown in Figure4.When circuit breaker is opened at 0.1s, transformer core residual flux is shown in figure 5 . 
Conclusion
This paper used the MATLAB software to build the three-phase transformer inrush current simulation model in Simulink simulative platform. The Characteristics of three phase transformer inrush current waveform were visually displayed and verified by the FFT analysis, which was showing spire wave with intermittent and was partial to one side of the timeline and contained a large number of frequency doubling even high frequency components. The transformer close switch without load that is a transient process, the current waveform will be distorted and product harmonic components. At the same time, under certain conditions, the power system may be resonant and product overvoltage. The accurate simulation of transformer inrush current plays an important role in the research and analysis of relay protection. And from the simulation result of residual flux measurement, it can be seen that the residual flux measurement method used in this paper is simple and effective.
